induced few or no syncytia but eventually produced high levels of particle-associated reverse transcriptase in cultures of fresh peripheral blood lymphocytes, and they established stable infection of T-lymphoma (HUT-78) and monocytic (U937) cell lines. Each produced even higher levels of reverse transcriptase when fresh human monocytes/macrophages were used as target cells. The viruses were molecularly cloned after a single passage in culture, in order to minimize in vitro selection of subtypes present in vivo. Restriction-site analysis showed heterogeneity within each isolate. Nucleotide sequence analysis of a portion of the HIV-2D194 genome revealed that it is a member of the prototypic HIV-2 family, displaying 13% divergence versus HIV-2ROD and HIV-2Nmfz, as compared to 9% divergence between HIV-2ROD and HIV-2Nmz. In contrast, HIV-2D2N5 is the most highly divergent HIV-2 strain yet described: it is equidistant in relation between the known HIV-2 strains and the simian immunodeficiency virus isolates from rhesus macaque monkeys (23-25% divergence).
Human immunodeficiency virus type 1 (HIV-1) is known to comprise a family of highly divergent members. They differ in biological properties such as cell tropism or replication efficiency in a given cell system (2) (3) (4) (5) (6) , in antigenic determinants leading to different serological responses (7, 8) , and in their nucleic acid sequence, often reflected in marked restriction-site polymorphism (3, 9, 10) . Multiple variants have been demonstrated to exist within individual patients (2, 3, 10, 11) .
Analyses of sera from West African patients with acquired immunodeficiency syndrome (AIDS) led to the discovery of a second HIV type in 1986, now called HIV-2 (12) . Antigenic determinants of most HIV-2 proteins are not recognized by antibodies against 13) . In fact, HIV-2 is more closely related to the simian immunodeficiency virus from macaque (SIVMAC) than to HIV-1 (1, 14) , and crossreactive antibodies between HIV-2 and SIV can readily be demonstrated (12, 15) . Several lines of evidence indicate that the HIV-2 family of viruses may be as divergent as the HIV-1 family (1, (16) (17) (18) . Clinically, HIV-2 infections have been associated with typical AIDS (12, 13) , purely neurological disease (19), and asymptomatic infections (20) .
In the present study, we describe the biological characterization, molecular cloning, and partial DNA sequence analysis of two HIV-2-related strains isolated from patients originating from Gambia and Ghana, respectively (18, 19) . Both strains were found to have unique biological and/or genetic properties compared to the HIV-2RoD prototype.
MATERIAL AND METHODS
Virus Culture in Human Lymphocytes and Permanent Cell Lines. Primary isolation and cultivation of HIV-2 from patients' peripheral blood lymphocytes (PBLs) cocultured with human umbilical cord blood lymphocytes (CBLs) were done as described (2) . For the establishment of permanent virus-producing cell lines, HUT-78 or U937 cells were cocultured with infected CBLs. The human monocytic cell line U937 and the T-cell lymphoma line HUT-78 (21) were obtained from the American Type Culture Collection.
Virus Culture in Freshly Isolated Human Monocytes/Macrophages. Fresh human mononuclear cells (MNCs) were prepared from blood donations (22) and cultivated in supplemented RPMI 1640 medium on hydrophobic membranes (23) . MNCs (3 x 107) were introduced into 10-ml bags and inoculated after 1 day with CBLs (5 x 105) infected with HIV-2D194 or HIV-2D2o5. Two days after infection, the cells were transferred to 24-well plates, where the nonadherent cells were quantitatively washed off. The adherent cells were further cultured in 1.3 ml of medium, and surface markers were monitored. Virus production by these cultures was monitored by reverse transcriptase (RT) assay.
RT Assay and Western Blot Analysis. Determination of RT activity and Western blot analysis were carried out as described (2, 24, 25) . HIV (3) . Southern blots were hybridized (26) in 30% formamide at 37°C with the 32P-labeled pK2-lOBamA clone of SIV DNA (27) (Fig. 2) . Thus, compared to the maximum virus production by HIV-2D194-infected lymphocytes, the infected macrophages produced 100-150 times more virus per cell in the peak phase of production. Similarly, HIV-2D205-infected monocyte/macrophage cultures produced 10-to 50-fold higher levels of RT than HIV-2D2o5-infected lymphocytes (data not shown). In parallel experiments a HIV-1 isolate of subtype b (see Table 1 (Fig. 3) , suggesting a relatively slow assembly that correlates with slow growth in these cells. Between donors, the variation was minimal and the differences between the subtypes were consistently observed. For infection with HIV strains, each isolate (2000-5000 cpm of RT activity; equivalent to about 100 infectious units of subtypes a and b as determined by titration on CBLs) was inoculated into 1 ml of cells (0.5-1 x 106 cells). *Cythopathic effect: + + + +, formation of giant syncytia, followed by death of culture; + + +, formation of multiple syncytia involving cells, followed by death of culture; +, occasional small syncytia, with cell survival for 1-2 weeks followed by death of the culture at the normal rate; -, no syncytia. (Fig. 4) . Due to the homology between SIVMAC and HIV-2RoD (33), the pK2-lOBamA clone of SIV DNA (27) was used as probe. It spans nucleotides 1831-9005 of cloned SIVK2 10 (27, 34, 35) , which corresponds to SIVMAC-251 (36, 37) . The strong hybridization signals (Fig. 4) (Table 1) .
At present, the borders between the families of HIV-1 and HIV-2 are defined by the absence of serological crossreaction in the envelope glycoproteins as well as by genetic markers such as the additional genes vpx in HIV-2 or vpu in HIV-1. Proc. Natl. Acad. Sci. USA 86 (1989) The borders between the more closely related HIV-2 and SIVMAC families are more difficult to define and are further obscured by the finding of a HIV-2-related strain presented here that, based on the available data, is genetically equidistant between the known HIV-2 strains and SIVMAC (sequence identity in both directions 75%) and therefore may even belong to a family of its own. Our findings point to greater diversity within the HIV-2 family than has been observed in HIV-1, which suggests that the HIV-2/SIVMAC family is evolutionarily older or diverges at a higher rate.
